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Background

There are limited data regarding the incidence of
pneumothorax in COVID-19 patients as well as the impact of
the same on patient outcomes.

Methods

A retrospective review of the medical records at three

large tertiary care hospitals in Mumbai was performed to
identify patients hospitalised with COVID-19 from March
2020 to October 2020. The presence of pneumothorax and/
or pneumomediastinum was noted when chest radiographs
or CT scans were performed. Demographic and clinical
characteristics of patients who developed air leak were
recorded.

Results

4,906 patients with COVID-19 were admitted, with 1,324
(27%) having severe COVID-19 disease. The overall incidence
of pneumothorax and/or pneumomediastinum in patients
with severe disease was 3.2% (42/1,324). Eighteen patients
had pneumothorax, 16 had pneumomediastinum and 8
patients had both. Fourteen patients (33.3%) developed this
complication breathing spontaneously, 28 patients (66.6%)
developed it during mechanical ventilation. Overall mortality
in this cohort was 74%, compared with 17% in the COVID-19
patients without pneumothorax (p<<0.001).
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Conclusions

Our study demonstrates that air leaks occur with a higher
frequency in patients with COVID-19 than in other ICU
patients. When present, such air leaks contributed to poor
outcomes with almost 74% mortality rates in these patients.
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Introduction

Since the first case of Covid-19 was reported around 2

years ago there have been over 230 million cases worldwide

and over 34 million cases in India. Studies have shown that the
incidence of pneumothorax in patients with COVID-19 is about
1% in hospitalised patients and 2% in those needing intensive
care.)> While pneumothorax has been reported in other related
coronavirus pneumonia, like SARS-CoV-1 (severe acute respiratory
syndrome corona virus-1)* and MERS-CoV (Middle East respiratory
syndrome coronavirus),>® most physicians treating patients

with COVID-19 pneumonia caused by SARS-COV-2 see a higher
incidence of pneumothorax in these patients.

A detailed literature search we performed revealed over 200
published reports on COVID-19-associated pneumothorax/
pneumomediastinum as of June 2021, with the majority of them
being case reports and small case series. There may be a higher
risk of pneumothorax among COVID-19 than other pneumonia/
acute respiratory distress syndrome (ARDS); although the cause is
unclear, it is not thought to be entirely due to barotrauma.”®

There is a lack of Indian data regarding the incidence of
pneumothorax in COVID-19 patients as well as the impact of
pneumothorax on overall outcome and mortality. We present the
initial Indian data from three centres describing barotrauma in
patients admitted with COVID-19. We describe the clinical and
radiological characteristics of COVID-19 patients developing
pneumothoraces and try to identify risk factors as well as their
impact on the eventual outcome.
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Methods

The study was conducted at the PD Hinduja National Hospital
and Medical Research Centre, Breach Candy Hospital Trust and
Wockhardt Hospital. These are tertiary care hospitals spread across
the city of Mumbai, India, and were part of a network of hospitals
that offered in-patient care to patients with COVID-19 disease.

A retrospective review of medical records was performed to
identify patients hospitalised from March 2020 to October 2020.
Consecutive patients admitted to the hospital for laboratory-
confirmed COVID-19 disease were included in the analysis.

The presence of a pneumothorax or pneumomediastinum was
noted when chest radiographs were performed, either as part of
routine care in ICU (intensive care unit) patients, or when patients
clinically worsened. Of these patients, demographic and clinical
characteristics of patients who developed either pneumothorax
or pneumomediastinum or both were recorded. Data were
summarised using non-parametric statistics.

Results

During the study period, 4,906 patients with COVID-19 were
admitted. Of these, 1,324 patients (27 %) had severe COVID-19
disease, warranting ICU care. Forty-four patients had either
pneumothorax or pneumomediastinum or both. Two patients who
had iatrogenic central-line insertion-associated pneumothoraces
were excluded from the analysis. The demographic and clinical
characteristics of these 42 patients are summarised in Table 1. The
median age of the patients was 60 years (IQR 54-67), with the
majority of them being male (37/42, 88%).

The clinical presentation of the patients and the course of their
illness are summarised in Table 2. Most of the patients (37/42,
88%) were classified as having severe COVID-19 disease. The
NEWS-2 (national early warning score-2) at admission was 8 (IQR
7-9). Of the 14 patients with a pneumothorax who had a CT of the
chest, the median CT severity score and CT CO-RADS (COVID-19
reporting and data system) score were 15 and 5, respectively. Only
aminority of patients with pneumothorax had pre-existing lung
disease (5/42, 16%). Sixty-six percent had comorbidities of which
the most common were hypertension (48%), diabetes (43%) and
ischaemic heart disease (28%).

Table 1. Demographic details and comorbidities

Demographic details

Age (mean (range)) 60 (39-83) years

Sex (male: female) 37:5
Comorbidities

Hypertension 20 (48 %)
Diabetes 18 (43 %)
Ischaemic heart disease 12 (28%)
OSA 3(7%)
Obesity 2(5%)
Previous lung disease

Asthma 3(7%)
Interstitial lung disease 2(5%)
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Table 2. Severity of COVID-19

Severity of COVID-19 (n (%N))

Mild 0(0)
Moderate 5(12)
Severe 37 (88)
Other indicators of severity of lung disease

(mean (range))

NEWS-2 score on admission 8 (4-16)
CT CORAD score 5 (4-6)
CT severity score 15 (9-20)
Duration of oxygenation (HFNO/NRBM/Nasal Prongs) 10 (2-30)

The overall incidence of pneumothorax and/or pneumomedi-
astinum in these patients was 3.2% (42/1,324). The overall
incidence of pneumothorax and/or pneumomediastinum
among patients admitted to the ICU with non-COVID illness
during the same period was 0.6% (6/1,062), which was
statistically significantly lower (p<<0.001). Overall 18 patients
had pneumothorax, 16 had pneumomediastinum and eight
patients had both. The mean time to onset of pneumothorax from
admission was 9 days. Fourteen patients (33.3%) developed this
complication during NIV (non-invasive ventilation)/HFNC (high-
flow nasal cannula) as compared to 28 patients (66.67 %) who
developed it during mechanical ventilation. This was statistically
significant (p<<0.05). The median duration of documented air
leak was 6 days. Lung-protective ventilation was used in all three
ICUs and the highest peak pressure and plateau pressure were a
mean of 35.10 and 29.75 cmH,0, respectively. The mean duration
of mechanical ventilation was 14 days. Among all the patients
who developed air leak during NIV support the CPAP (continuous
positive airway pressure) was less than 10 cmH,0, with mean
pressure of 8 cmH,0. The majority of patients (28/42, 66%)
required an intercostal drain to treat pneumothorax, while the
rest were managed conservatively. The decision of chest drain
insertion was left to the discretion of the treating intensivist. Only
one patient needed surgical intervention with VATS (video-assisted
thoracoscopic) decortication. The characteristics related to the
air leak and its treatment are summarised in Table 3. All patients
received systemic corticosteroids, 23 patients (55%) received

Table 3. Ventilator parameters and treatment
Timing of pneumothorax 9 (0-30) days

6 (1-60) days

14 days (2 hours to 70 days)

35.10 (21-50)
29.75 (19-40)

Duration of air leak

Duration of invasive ventilation
Peak pressures

Plateau pressure

Treatment measures
(pneumothorax) (n (%N))

Observation 14 (33.3)
Intercostal drain 28 (65.11)
VATS 1(2.4)
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Table 4. Details about treatment measures and
clinical outcomes

Treatment measures (COVID-19) (n (%N))

Steroids 42 (100)
Tocilizumab 23 (55)

Remdesivir 26 (62)

Convalescent plasma 10 (24)

Clinical outcome

Discharge 9 (21.4)
Death 31 (74)

Discharge against medical advice 2 (5)

tocilizumab, 26 patients (62%) received remdesivir and 10 patients
(24%) received plasma therapy. The overall mortality in this cohort
was 74%, compared with 17% in the COVID-19 patients without
pneumothorax (p<<0.001). Treatment measures and outcomes are
summarised in Table 4.

Discussion

The first description of pneumothorax complicating COVID-19
was in the early days of the pandemic” and since then there
have been almost 200 publications on the occurrence of air
leaks in these patients. The majority are scattered case reports
and small series of two to three patients. Our study looks at all
ICU admissions across three large hospitals in Mumbai over 7

Pneumothorax and pneumomediastinum in COVID-19

months. Forty-two of these 1,324 ICU admissions with COVID-19
(3.2%) developed an air leak, manifest as pneumothorax and/

or a pneumomediastinum. This is significantly higher than the six
patients of 1,062 (0.6%) who developed air leaks in the non-
COVID ICUs of our hospitals over the same period. Consistent with
the prior literature, our cohort had an incidence of barotrauma
that was higher than what is reported for ARDS from non-viral
aetiologies. The incidence did not appear to be associated with
ventilatory strategies which were reasonably standardised to ARDS
lung-protective strategies across all three hospitals.

The strength of our study is its size, including as it does 1,324
consecutive ICU admissions (of 4,906 hospitalised patients) over
7 months from three large hospitals across Mumbai. There are only
two other comparable multicentre series. The first by Martinelli
et al,'®included 71 patients from 16 hospitals across the UK. The
second by Miro et al"" reviewed the incidence of pneumothorax
in 61 emergency departments (EDs) across multiple hospitals in
Spain. The former series is limited by including patients based
on author recall and a targeted review of databases, unlike our
study which systematically looked at admission details of all ICU
patients. The Spanish series looked only at ED patients. Table 5
summarises the similarities and differences between our studies
and these two.

Miro’s study found only 40 patients of 71,904 (0.56%) ED
admissions showing a pneumothorax on their admission X-ray.
Thus air leaks are uncommon at initial presentation to hospitals
with COVID-19. In contrast, our study which looked at more
critically ill ICU patients with serial X-rays and frequent CT
scans showed a much higher incidence of air leak with 42 cases
in 1,324 ICU admissions giving an incidence of 3.17% in this

Table 5. Comparison of our series with two other large series of patients with pneumothorax
I10

Udwadia et al

Setting 3 Mumbai ICUs

N 1,324 critical COVID-19 patients
Incidence 42/1,324 = 317%

Age 60 (39-83) years

Male 37142 (88.09%)

Prior lung disease 5/42 (12%)

Ventilator-associated alveolar
leak

Pneumothorax alone 18/42 (43 %)
16/42 (38%)

8/42 (19%)

Pneumomediastinium alone

Pneumothorax +
pneumomediastinum

Treatment Observation 14/42 (33%)
Pleural drain 28/42 (66 % )
VATS 1/42 (2% )

Outcome Death 31/42 (73 %)

© Royal College of Physicians 2021. All rights reserved.

Ventilator-associated 28/42 (67 %)

I11

Martinelli et a Miro et a

16 UK hospitals 61 Spanish emergency

departments

Case series of 71 patients 71,904 all COVID-19 patients

NA 40/71,904 = 0.56 %
21-80 years 66 (47-74) years
57171 (80%) 29/40 (72.5%)
28/71 (39.4%) 12/40 (30%)
Possibly ventilator-associated ~ NA

38/61(62%)

54/71 (76 %) 34/40 (85%)
11/71(15.5%) NA

6/71(8.5%) 6/40 (15%)

Observation 26/71 (36 %)
Pleural drain 43/71 (60 %)
Surgery 1/71 (1.4%)
Palliative 3/71 (4.2%)

Pneumothorax 63.1+6.5%

Pneumomediastinum
53.0+18.7%

Pleural tube 29/40 (73 %)

NA
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patient population. All three series demonstrated striking male
preponderance. About a third of patients in the Spanish and

UK series had a history of pre-existing lung disease, unlike our
patients, only 12% of whom had a prior history of lung disease.
None of our 42 patients were smokers or reported a history of
pneumothorax and only five had a history of pre-existing lung
disease (three with well-controlled asthma and two with interstitial
lung disease) which could have possibly contributed to their air
leak.

Despite prompt diagnosis (due to daily serial X-rays), the
mortality in our patients was high at 74% with 31 of these 42
patients succumbing to their disease. This contrasts with the
overall mortality of 17% (226 deaths out of 1,282) in those
COVID-19 patients in the ICU without an air leak. In the series of
COVID-19 patients with a pneumothorax from Martinelli, similar
high mortality of 63% was reported as well. Thus the occurrence
of an air leak in a patient with COVID-19 pneumonia is an adverse
prognostic marker signifying bad outcomes and associated with
significantly higher mortality.

Interestingly our study, like that of Martinelli,’® showed that
about one-third (33.3%) of air leaks occurred in patients who
never received invasive ventilation. This begs the question of
why COVID-19 patients are more prone to develop air leaks and
secondary pneumothoraces than other ICU patients. The typical
pathology of COVID-19 pneumonia and ARDS may help explain
the increased frequency of occurrence. CT scans demonstrate
the peripheral distribution of the initial ground-glass opacity
(GGO) changes encountered in COVID-19."2" The subsequent
fibrosis in some of these patients have been documented to
progress to is also peripheral in its distribution." Cyst formation
and bullae in areas of airspace disease have also been noted in
several radiological™ ™" and autopsy studies of COVID-19."819 1t
is possible that these peripherally located bullae could rupture,
either spontaneously or as a consequence of the positive pressure
ventilation which the more severely ill patients with COVID-19
pneumonia are subject to. Thus while mechanical ventilation
may certainly be contributing, it is not the sole risk factor, with
significant numbers of air leaks occurring in patients who had
never received ventilatory support (either invasive or non-invasive)
at the time of their pneumothorax. This is possibly facilitated
by the use of systemic corticosteroids, which is the standard
of care in hypoxemic patients with COVID-19,%° and may have
contributed to a lowered immune response, vulnerability to injury,
and impaired healing.?"?? In keeping with this observation, there
are other reports of air leaks in patients of COVID-19 pneumonia
and ARDS who were not receiving mechanical ventilation at the
time 23:24

The early diagnosis of air leaks is essential and the strength
of our study was that since these were all ICU patients, a chest
radiograph was performed on a near-daily basis. This helped
facilitate the prompt diagnosis of air leaks. Our patients developed
their air leak a mean of 9 days (1-60 days) after admission to
the ICU and these air leaks persisted for a mean of 6 days (1-60
days). A high index of suspicion is required to diagnose this
condition. Obvious pneumothorax is generally easy to diagnose on
a chest radiograph but a CT scan is more accurate in early cases of
suspected pneumothorax and pneumomediastinum. Significant
numbers of our patients (16 of 42, 38%) had pneumomediastinum
in the absence of any obvious pneumothorax which may be more
subtle and difficult to diagnose. This was twice the frequency
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noted in the UK series and maybe because unlike the patients
in this series where the diagnosis of air leak was often based
on physician recall and record review, diagnosis in our patients
was based on daily radiographs and therefore picked up more
frequently.

Prompt treatment is also crucial. Sixty-six percent of our patients
required insertion of an intercostal drain at the bedside while the
remainder needed careful observation without need for a drain.
One patient who had a large pneumothorax and persistent air
leak over 60 days underwent successful surgical repair (VATS)
and was eventually discharged home. He remains well and free of
recurrence highlighting the importance of surgical intervention in
selected patients with persisting air leaks.

Limitation of our study was its retrospective nature with review
of records at the end of 7 months period. Air leak was not actively
screened for but detected as a part of regular (near-daily) chest
radiograms performed as part of routine ICU protocol. Also,
treatment varied across the three ICUs though most patients
received drugs that were standard of care at the time of the study.

In conclusion, our study demonstrates that air leaks occur
with a higher frequency in patients with COVID-19 than in other
ICU patients. The incidence does not appear to be related to
ventilatory strategies, as lung-protective ventilation was standard
of care in all three ICUs. When present, such air leaks contributed
to poor outcomes with almost 74% mortality rates in these
patients which are significantly higher than the 17% mortality
in patients in our other COVID-19 ICU patients without air leaks.
While pneumothoraces are the commonest form of air leak,
pneumomediastinum in the absence of pneumothorax occurs
in 38% of patients. Air leaks are more likely to occur in patients
being mechanically ventilated but a third of all air leaks occur in
patients breathing spontaneously. A high index of suspicion is
needed to make the diagnosis, with an air leak being considered in
the differential diagnosis of any COVID-19 patient who develops
sudden respiratory distress and hypoxia. ®

Summary

What is known?

Smaller studies and scattered case reports have shown a higher
incidence of air leaks (pneumothorax and pneumomediastinum)
in COVID-19 patients.

What was the question?

1) To determine the incidence of air leaks in a large cohort of
patients with severe COVID-19 admitted across three ICUs over
7 months.

2) Does the occurrence of air leaks in these patients correlate
with adverse outcomes and increased mortality?

What was found?

The incidence of air leaks in patients with severe COVID-19 is
3.2% which is higher than in previously reported studies. Air leak
in these patients correlates with poor outcomes and carries a
mortality of 74%.

Implications for practice?

Air leak should be considered in the differential diagnosis of any
hypoxic COVID-19 patient admitted in the ICU. They should

be actively screened for and promptly treated to decrease their
impact on mortality.

© Royal College of Physicians 2021. All rights reserved.
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